Decentralized technologies and city-based governance are being actively promoted for urban sanitation in low-income countries. At the same time, municipal agencies in developing countries have little technical or financial capacity for sanitation planning. This paper develops an approach to sanitation planning that leverages citizen engagement and fosters local capacities. It presents an empirical study from two small towns in India, where collaborations among the research team, local academics and students, and the municipal government, produced planning-oriented sanitary maps of each town. The maps were built upon a social and spatial understanding of the diverse sanitation practices that already exist, coupled with Google Earth and free GIS software. The 'waste watersheds' and 'sanitation zones' identified through the mapping process provide a basis on which sanitation interventions can be assessed and weighed, so that sustainable solutions can be prioritized. The paper identifies three features for system interventions: first, making local municipal government the locus of sanitation interventions; second, engaging community-based organizations and academic institutions to develop local capacity; and finally, recognizing the fragmented nature of cities by developing a socio-spatial approach to sanitation zoning.
INTRODUCTION
The focus on expanding urban sanitation through infrastructure has deflected attention away from broad public health concerns towards a narrow technocratic endeavor, characterized by large investments in centralized systems, with flush toilets and water-borne sewer systems geared towards the better-off neighborhoods (Schertenleib ; McGranahan ). These consultant-intensive, capitalintensive and water-and energy-intensive pathways have exposed the water and sanitation sector to cost overruns, delays and inefficiencies, with highly skewed consequences for equitable and sustainable wastewater management This study proposes a systematic and collaborative approach towards a situational analysis (i.e., understanding baseline conditions) of the wastewater system at the town level. We propose a bottom-up sanitary mapping method that reflects the social and spatial arrangements of smalltown India, with local participation to make it contextual.
Our primary goal is to develop a replicable and inclusive method for data collection, sanitation mapping, and sanitary problem diagnosis for small towns that are governed by under-staffed and under-resourced ULBs. Our secondary goal is to break down the often-cited binary of collaborative versus practical -we argue that, to map the sanitary city in light of our current low levels of knowledge, the collaborative is the practical (see also Lüthi et al. ; Abeysuriya et al. ) . Systematic sanitation planning needs data and maps and capacity, all of which are unreliable in smalltown India. Our study is a practical (rather than ideal) capacity-building approach towards mapping wastewater flows and sanitation practices as a step towards sustainable treatment solutions.
PERSISTENT PROBLEMS DESPITE PARADIGM SHIFTS IN SANITATION PLANNING
In recent decades, there has been a steady development in alternative technologies for wastewater management that prioritize wastewater treatment close to where it is created We propose a replicable and potentially sustainable approach to a situational analysis of prevailing sanitation and wastewater practices by integrating three aspects. limits, but may be more realistic in more small towns than broad-based citizen-led engagements. Third, we develop a simple socio-spatial 'zoning' of the city by wastewater flows and sanitation practices, as integrating these into city-wide planning is the first step towards sustainable urban sanitation. We present our maps from two small cities as illustrations of the usefulness of our approach.
RESEARCH STRATEGY AND METHODS
We chose two towns from the Western Ghats region of India (see Supplementary material, Figure S1 , available with the online version of this paper) -Alibag in Maharashtra and Nedumangad in Kerala. Alibag is a coastal tourist city with a population of about 20,743. Nedumangad lies ∼20 km from the coastline of Kerala, and its population of 60,161 is growing by 7.17% annually (Government of India a; b). We mapped drains, developed 'waste watersheds' and created 'sanitation zones' for both towns.
Waste watersheds are physical units and sanitation zones are socio-spatial in nature; we treat these as mutually constitutive. In this paper we present the waste watershed results from Nedumangad because of its contrasts due to topography, whereas Alibag, which is flat but has high variation in socio-economic conditions, provides the more interesting sanitation zone mapping. Figure 1 presents the sequence of steps our research team took to enter the communities, gain acceptance, learn about the perspectives of key stakeholders, conduct data collection, map waste watersheds and sanitation zones, and eventually produce a situational analysis report; this paper focuses only on the steps towards, and results of, the mapping exercise. We leaned on multiple participatory methods -such as transect walks, key stakeholder interviews, and focus group discussions thoughout this process (Chambers ). We created sanitary maps based on the Survey of India topo sheets and Google Earth. Household surveys using a pre-tested questionnaire were also carried out.
Citizen-based data collection
Our core method was to train students from local colleges and members of citizens' groups to conduct surveys and focus groups, who then became the primary data collectors.
Students and women's groups communicated with the study respondents in the regional languages, and helped in understanding people's experiences with water and wastewater. Our rationale was two-fold: (a) to make students and colleges, over time, repositories of knowledge with analytical capabilities for water and sanitation planning;
and ( Table S1 , available with the online version of this paper).
It was challenging in these unmetered and intermittent households to assess the actual water consumption for household activities (see Kumpel et al. ) . We used two distinct but complementary approaches, both of which would be feasible to replicate in low-resource settings.
First, we noted the diameter of the inlet water supply pipe into the households where municipal supply was available.
Using city water supply information from the ULB, we estimated the quantity of water supplied through the town's elevated storage reservoirs (ESRs) and, using the maps available with the ULB, estimated the population served by each of these ESRs. This generated a rough estimate of the per day water consumption in a locality, and thus of the wastewater, generally assumed to be 80% of water used. We also estimated per household per day water usage in our sample households; we either read the water meter in metered households, or used surveys to document the reported usage of water for the main household activities. The reported water use was, at best, a rough approximation of actual use, but it functioned as an order-of-magnitude check on our first set of estimates.
We observed where and how gray water is disposed of, documented this in household surveys, and captured it using pictures/videos. We also documented sanitation practices, i.e., the types of toilet, methods of disposal, and paths of disposal (to the drain or to the ground). In Nedumangad,
we measured the distance between the household well and the septic tanks/soak pits, given concerns regarding the pollution of water wells by septic tanks or pits. The most challenging component was to understand the disposal methods of the black water from the septic pit or tank.
Very few surveyed households could tell us about this. In order to understand it better, we conducted group discussions and interviews with the local construction contractors who make septic tanks or pits, as the designs and specifications are context-specific.
Finally, we conducted interviews with officials in the public health and town planning departments, and with septic tank cleaning service providers. We observed flows, outfalls, and disposal sites of black septic water, thereby locating pollution hotspots (i.e., the points where the town's wastewater flows come together). Additional focus group discussions, especially with women's groups, helped us to understand the perceptions of sanitation and pollution from a cross-section of people, ranging from relatively affluent residents' associations in apartment complexes to fisher folk in the coastal stretches, where much of the pollution accumulates.
Drain mapping and delineating 'waste watersheds'
Guided by our survey data and observations, we mapped the town's drains through which wastewater flows traveled from households (and other sources). Typically, in small Indian cities, the storm water drains constructed along the roads also carry the gray water from households and wastewater from commercial units. Most of these reach natural streams or surface water bodies or groundwater aquifers. It is essential to understand these wastewater flows for wastewater management, yet few municipal governments in India have even rudimentary drain maps. We mapped the drains in six steps:
(1) Using Google Earth, we developed a base map of the study area.
(2) We marked the natural streams. The sanitation zones for Alibag based on socio-spatial characteristics and wastewater flows are given in Figure 4 and Table In Table 1 
DISCUSSION
In this paper, we discuss the integration of data from surveys, citizen participation, and Google Earth to develop a diagnostic tool for a situational analysis of sanitation -a first step towards sanitation planning that is grounded in prevalent practices. We focus on small towns in low-and middle-income countries such as India, as their municipal governments tend to be severely under-resourced in terms of finances and capacity. Our approach meshes well with existing international guidelines on urban sanitation that recognize the challenges, but also the practical and political importance, of building on existing institutions and existing knowledge (e.g., Parkinson et al. ; also Peal et al. ).
We suggest that collaborations between place-based knowledge providers and practitioners are potentially a more affordable and sustainable means of building local capacity for infrastructure planning than no planning at all (because of the lack of capacity) or costly, consultant-driven planning exercises (that are currently the norm). A socio-spatial approach to data collection and mapping could even foster new 'environmental imaginaries' (Peet & Watts ) with respect to sanitation and wastewater. ). They fall well below the participation levels that The major limitation of our approach to drain mapping is that the quantity of wastewater is a largely unknown input, and multi-seasonal flow and quality data have to be collected for designing a treatment system. Many of the needed parameters are strongly dependent on the amount of water supplied, water use patterns, and income levels. An additional challenge in India is the use of multiple sources of water, especially the heavy reliance on ground water, which then becomes problematic when a proxy of 80% of (piped) water supply is used for estimating household-level wastewater generation. Data gaps are also challenging for other sanitation mapping frameworks; for example, Shit
Flow Diagrams must resort to innovative proxies to estimate the mass of waste produced in cities. These limitations mean that our drain maps are coarse at best, but, we posit, usable for broad planning purposes in low-resource urban settings.
There is a huge research gap in the black water management component with respect to the effectiveness of septic tanks and soak pits and the practices of fecal sludge management. Given the extensive dependence on septic tanks and soak pits in low-income countries, research based on current practices of septic tank/pit construction and sludge management at the household level is a major need. As a 12-city study by Peal et al. () shows, much more work is needed to understand septic tank emptying cycles, current disposal methods, safety aspects of septage disposal for the users and cleaners, and the institutional capacities needed to make effective management possible. The ULBs should have enforceable regulations on emptying cycles and disposal mechanisms since these are public health concerns; this, too, is a form of capacity that many local governments are short on.
CONCLUSIONS
The major solution space in urban sanitation thus far has been to follow the tested but capital-and resource-intensive pathway of conventional waterborne systems adopted by industrialized countries. The specialized technical and managerial skills for operating, maintaining, and extending these systems are often not available even in metropolitan India, let alone in smaller towns. Recent work has called for an iterative process of sanitation planning, including technologies and their governance, that starts with a situational analysis of current sanitation and wastewater practices.
Motivated by this call, we proposed a local resource-based approach to sanitation mapping, and illustrated this approach in two small towns in south-western India.
Our proposed mapping method was socio-spatial in nature and emphasized place-based capacity-building. The exercise included multiple stakeholders and households across the socio-economic spectrum to help us understand wastewater management and current problems of sanitation. In particular, it included extended dialogue with town-level officials and training of students in educational institutions to build the capacity of these institutions for understanding their town's sanitation and waste management baseline. The process facilitated interactions among knowledge and governance institutions, who can then weigh the options in the solution space of technology and governance, and act in concert to mobilize local (and possibly national) resources and skills.
Our approach also plays a role in democratizing sanitation, by working within the constraints and capabilities of ULBs and citizen stakeholders. It is more sustainable for small towns than bringing in outside expertise, which often brings global 'best practices' -whether centralized or decentralized -to local problems, and de-skills local actors. All these concerns were central to the earlier mentioned frameworks in sanitation, but have rarely been addressed within a pragmatic process of sanitation planning. Our approach represents a practical yet participatory step in this direction.
